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NOTE  ON  DR.  D.  W.  MONTGOMERY'S  CASE  OF  TERATOMA. 
BY  LEWELLYS ~.  BARKE:R. 
Through the cou~esy of Dr.  Montgomery I  have been  permitted 
to study sections from his tumor and to make (1) a note upon the ner- 
vous  tissue  present,  and  (2)  some  remarks  concerning  the  theories 
which have been advanced to explain teratomala in general. 
I. 
The  tumor  contains  large  masses  of  nervous "tissue  distributed 
throughout its substance.  While most of this nerve tissue resembles 
embryonic brain, including the lining of the central cavity with chori- 
old  plexus,  some  medullated  nerve  fibres  were  discovered  and  also 
traces  of embryonic eye structures.  The  masses  of brain  substance 
are scattered very irregularly through the tumor and at first sight ap- 
parently lawlessly.  The size  of the  individual  masses  varies  much, 
from small' islands of the tissue recognizable only with the aid of the 
microscope to  relatively large  areas  easily visible  to  the naked  eye. 
Some of the masses are bounded definitely on one side by a cavity lined 
by cubical epithelium (rudiment of ventricles and ependymal epithe- 
lium), and on another side by vascular connective tissue (brain-mem- 
branes?).  Other portions of brain substance are found for which no 
ventricu]ar nor meningeal relations can be made. out.  In places the 
lining of the cavities supposed to represent the ventricles is seen to be 
made up of low, clear, cubical epithelium, which can be followed as 
a  definite lamina  chorioidea  epithelialis  over the much branched and 
anastomosing papillary strands of vascular connective tissue which pro- 
ject into the cavity, forming a distinct plexus ehorioideus  (Plate XXII, 
Fig.  13).  No cilia could be made out, however, on any of the cells 
lining the cavities.  In  certain regions, instead of a  lining with  the 
characters just  described, the tissue adjacent to the  cavity resembles 
more closely that seen in certain regions in the embryo, for example 
that  of the develo.ping corpus striatum and  of the  developing spinal 
cord. 
The ependymal epithelium is divisible into three distinct zones--an 
inner, middle, and external zone.  In the middle zone of each cell is Lewellys F.  Barker  285 
placed the  oval nucleus, which stains in  hsematoxylin, the nuclei of 
adjacent cells being placed at different levels, so as at first sight to give 
the impression of a  mass  of cells several layers deep.  The internal 
and external zones of these cells are protoplasmic and stain intensely 
with eosin.  The inner zone is narrow, and the outer zone, correspond- 
ing to the Randschleier of His and to the embryonic white matter, is 
much wider. 
No  cells  which resembled  adult  nerv~e cells  could  be  made  out. 
Among the nuclei in the nerve tissue  there were many small round 
rather  solid  nuclei resembling those  of neuroglia cells;  other nuclei 
were larger, only slightly oval and more vesicular.  Some of the latter 
may be nuclei of neuroblasts, bnt the preservation of the tissue has not 
been such as to pelznit of a positive statement with regard to this point. 
Besides, nowhere in  the masses of brain substance was it possible to 
make out definitely any axis cylinder processes of nerve cells.  By far 
the most of what looks like brain tissue consists of a  pale Teticulum- 
like mass of fibrils (glia fibrils and processes of ependymal cells?), in 
the meshes of which are many small round cells with compact chro- 
matin and scanty protoplasm (glia cells?). 
Here and there embedded in the mass of pale glia-like tissue is to 
be seen a co.mpact nodule, consisting of closely crowded small cells with 
scanty  protoplasm  and  solid  round  nuclei.  These  nodules  are  not 
separated by any membrane from the surrounding tissue (Plate XXII, 
Fig. 12).  What they represent it is difficult to say.  One could think 
of masses of embryonic basal ganglia or simply of enormous aggrega- 
tions of glia cells. 
No traces of spinal ganglia such as Kappeler has described in one 
of his  cases  could be found.  The  only medullated nerve fibres  ob- 
served were in the sections of skin.  In these, several bundles of typi- 
cal adult fibres with myelin sheath and neurilemma were made out. 
As  regards  the  presence of  sense  organs  the tumor is  notable  in 
that it contains distinct evidence of rudimentary eye structures.  ~- 
eroscopic examination of the pigmented sheet of tissue found in the 
gross study of the tumor attached by one edge to a bone showed it to 
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surface was covered by a layer of flat, nucleated polygonal cells.  The 
protoplasm  of  these  cells  is  closely  studded  with  fine  brown,  rod- 
shaped, pigmented granules (Plate XXII, Fig. 11).  The cells are ar- 
ranged  in the form of a  mosaic,  and  correspond to  the stratum pig- 
menti retina derived from the  portion of the ophthalmic vesicle not 
invaginated in the formation of the optic cup.  No other part  of the 
body  resembles  this  structure.  The  layer  of  pigmented  cells  rests 
upon a  very firm connective tissue membrane, which contains a  few 
slightly pigmented connective tissue cells.  No definite tunica vascu- 
losa (ehorioidea) could be made out, and the tough fibrous tunic adja- 
cent to it, in places distinctly ]amellated, probably corresponds to the 
selera,  though it would be difficult to  prove this positively.  In  the 
original  tumor no  trace  of the nervous portion  of the retina  nor of 
the optic nerve was discovered.  In addition to the stratum pigmenti 
described, similar polygonal pigmented cells are to be seen irregularly 
distributed  through  the sections,  sometimes apparently  in  solid  por- 
tions of the tissues, sometimes lining small irre~flar slit-like spaces, and 
in one instance lining a space which is continuous with the cavity lined 
by ependymal epithelium, which probably corresponds to brain-ventri- 
cle.  The latter observation is  all  the more interesting in  that,  as is 
well known, during development the cavity of the ophthalmic vesicle 
is continuous with the cavity of the central nervous system; the vesicle 
on each side arises as an outgrowth from the first cerebral vesicle at a 
point  corresponding  to  the  junction  of  the  diencephalon  with  the 
teleneephalon, marked even in the adult by a distinct pocket, the so- 
called recessus optieus.  The pigment in all the cells mentioned was 
absolutely  typical  and  unmistakable.  There  was  no  possibility  of 
confounding it  with  h~emato.idin  or with  other  pigments  of  h~emic 
origin. 
The nerve tissues could not be stu&ied  by Golgi's method, as  they 
had  been  hardened  in  alcohol.  An  attempt  to  impregnate  pieces 
with bichromate subsequently proved unsuccessful. 
If ear, nose and tongue were represented in the tumor, they either 
did not happen to be struck in the sections made, or, as is not unlikely, 
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Masses of nerve tissue of the same general type as described above 
made up a large part of the recurrent tumor.  Numerous areas were 
found in this in which there were traces of stratum pigmenti retinse. 
The lining of some cysts consisted partially of such a pigmented layer. 
The existence of peripheral nerves along with tissues of the central 
system appears to be rare in teratomata, though instances have been 
described by Baumgarten, Kappeler and others.  It is interesting to 
consider the  origin of the peripheral nerve fibres.  In  the  cases  in 
which well  developed  ganglion  cells  are  present in  the  tumo~  one 
could  think  of  the  axones  of  the  peripheral  nerve  fibres  as  direct 
processes of these cells, especially in cases such as Xappeler's,  where 
well formed spinal ganglion cells were made out  and photographed. 
In Dr. ~[ontgomery's case no ganglion cells, at least none approaching 
in appearance the adult forms, could be found within the tumor.  One 
could explain the origin of the medullated fibres in either of two ways: 
(1)  by assuming the  existence of  ganglion  cells in  the  new growth 
which were by accident missed in the microscopic study, or (2) by as- 
suming that the nerve fibres represent ingrowths from the body of the 
patient  herself~  when  the  axones  would  represent  prolongations  of 
some of the nerve cells of the hogt.  The latter view, if it be the cor- 
rect  one,  need not necessarily be  surprising,  considering the  recent 
findings of Young *  concerning tile presence of nerves in sarcomata 
and other tumors. 
In  view of the fact that masses of central nervous system,  spinal 
ganglia and peripheral nerve fibres may be present in  teratomata~ it 
need not excite wonder that the organs of special sense are sometimes 
represented.  Indeed it would be surprising were they absent. 
II. 
Many theories regarding the origin of teratomata have been brought 
forward.  Among the best general discussions of the subjects are those 
of :~/[eckel ~  and of Klebs.:~  The theory which suggests that such a 
tumor as the one described in the present article can result from the 
irritation of tissue cells in the region in which it arises may be dis- 
*  The JowrnaZ of Esperimv~tta$  Medicine,  ii  (1897),  1. 
Meckel, J. F., H~rndbuch  cler pathologischen  Anatomie,  1812-1818. 
:~ Klebs,  E.,  Die  allgemeine  Pathologie,  Theil ii,  3ena,  1889,  p.  797. 288  Note  on  Dr.  Montgomery's  Case  of  Teratoma 
missed without further consideration.  An ovarian or abdominal preg- 
nancy is also out of the question, for besides the fact that no placenta 
existed,  the  child  was virgo  intacta  and  had  not  even  menstruated. 
Moreover, teratomata may appear at any time of life, and in males as 
well as in females. 
The doctrine of parthenogenesis and its various modifications, while 
supported by many able investigators in the past, is at present held by 
scarcely any one and need not therefore be discussed. 
The theories which make  the origin of teratomata  congenital have 
most  in  their  favor.  But  that  in  this  case we have  to  deal  with  a 
tumor  which  has  arisen  from  a  dipping  down  or  involution  of the 
external  skin with subsequent pinching  off,  as has  been assumed for 
many teratomata,  is  clearly impossible.  The  variety  of tissues  pres- 
ent is too great,  and  the fact that we had to do, not with  a cyst lined 
by skin on its inner surface, but with a solid teratoma covered by skin 
on the outside, excludes any such simple explanation. 
One  of the  oldest of the  modern  theories  regarding  the  origin  of 
teratomata  is  that  of  ~eckel,  the  theory  of  foetus  in  foetu.  This 
theory,  which  makes  the  teratoma  and  its  host  twin  individuals,  ac- 
cords best with  the  facts in  the  majority  of instances  and  especially 
with those  of the  present case. 
Klebs has  divided  the  teratomata  into  (a)  the  endogenous  forms~ 
which represent tumors which have resulted from the  pinching  off of 
tissues during  development,  and  (b)  the  ectogenous  forms,  which  he 
believes to  be always the  result  of foetal implantation.  As  he  says~ 
however~ the limits between the two must remain  doubtful,  and it is 
not impossible that many teratomata which have been included among 
the endogenous forms are in reality ectogenous teratomata which have 
undergone  marked  involution.  The  case  before us would naturally 
belong to the eetogenous group of Klebs.  His idea that in such eases 
we  have  always  to  do  with  two  more  or  less separate  foetuses,  one 
of which grows around and partly or wholly includes the other, seems 
a  very  probable  one.  He  distinguishes  two  forms  of  ectogenous 
teratomata:  (a) the allantoid variety~ in which one foetus is situated in 
one of the body cavities of the other,  and  its blood-vessels enter into 
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allantoid variety, in which there is a direct fusion, complete or partial, 
of  the  discqike  germinal  areas  of  the two  foetuses at  a  very  early 
stage,  one  finally  gaining  the  ascendancy and  growing  around  the 
other so  as to include it.  In the allantoid  forms there is  always an 
umbilical cord  and  sometimes a  placenta; while in  the pre-allantoid 
forms the umbilical  cord  and placenta arc  absent,  and the included 
f(etus often shows very marked alterations and irregular development, 
probably corresponding to disturbances of vascular supply.  In  such 
instances the development may be so irregular and atypical that only 
microscopic examination reveals the true nature, of the growth. 
If we accept Klebs' hypothesis, then the case before us would agree 
best with the last mentioned group,  and would therefore have to he 
considered as an instance of the abdominal form of the pre-allantoid 
ectogenous teratoma. 
It is interesting to study the many transitional forms which are to 
be  found  between  completely  separated  twin-formations  and  these 
complex teratomata *  which may represent twins,  one of  the twins 
having included its fellow inside its own body.  One has only to con- 
sult  the  atlases  of  Ahlfeld,  FSrster,  Hirt  and  Piersol,  Tarufii  and 
others,  to convince himself of large numbers and varieties of transi- 
tionM forms.  Thus instances in which one fcetus is partly inside and 
partly outside the body ef a  second are not at all uncommon.  The 
well known examples of parasitic thoracopagi, of engastrius, epignathi, 
encranius, notomelus, pygomelus, etc., will  be immediately recalled. 
Then there are forms in which one foetus is  entirely enclosed within 
the body of the second.  It may be beneath the skin (inclusio subcu- 
tanea), it may be in the mediastinum, the abdominal cavity (inclusio 
fcetalis abdominalis), the sex glands, or even inside the skull.  They 
are nearly always in situations in which embryonic inclusion can be 
easily accounted for.  Some of these included forms are easily recog- 
nizable  by  the naked  eye as independent individuals,  but  many of 
•  Marehand, in  a  masterly  review of  the whole subject of malformations, 
published in  Eulenburg's Real-Encyclop~die der gesammten Heilkunde  (3rd 
edition), although he places dermoids and teratomata in  a  group  by  them- 
selves,  states that he  can  make  no  fundamental  distinction between them 
and  genuine  foetal  inclusions.  He  assumes,  therefore,  that  bo~h  have  a 
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them are remarkably transformed and difficult to identify.  They are 
frequently acardiac  monsters,  the  mode in  which  the  blood vascular 
relations in the one foetus have become dominant at the expense of the 
heart  and  blood-vessels  of  the  second  having  been  well  shown  by 
Thoma in his Text-Book of General Pathology.* 
It is usually assumed that in foetal inclusions we have to deal with 
two  eggs,  separately  fertilized.  As  has  been  suggested  by Sobotta, 
~{arehand  and others, it is not impossible that  one or more " directive 
corpuscles" become fertilized and give rise to an embryo, since it has 
been proven by 3/Iark,  Biitschli  and :Boveri that  they represent  abor- 
tive eggs, and Platner has actually seen such structures penetrated by 
spermatozoa. 
That  the  included  embryo should  remain  dormant  (in  the  present 
case  for  twelve years,  in  otller  instances  in  the  bibliograPhY  much 
longer),  and  after the  ].apse of a  long time give rise  to serious symp- 
toms, is difficult to explain  satisfactorily,  but it must  be remembered 
that as yet our knowledge of the conditions underlying the mechanics 
of development is extremely meagre.  We have evidence in compara- 
tive embryology which permits the statement that a fertilized egg may 
be placed  under  conditions  which  preclude  cell-division,  and  that  it 
may later under more favorable circumstances go on to normal  devel- 
opment. 
The  question  as to the possible origin  of such a  tumor as a  conse- 
quence of splitting in the long axis of a single embryo at a very early 
stage must not  be overlooked.  In view of the  results  of modern  ex- 
perimental  teratology such  an  origin  cannot  be excluded.  Certainly 
many of the cases of anadidymi,  katadidymi and the like are best ex- 
plained by assuming a partial splitting  at an early stage.  The objec- 
tion that formation of double parts  or extra organs,  or even an entire 
second embryo, would necessarily lead to gross defects in the develop- 
ment  of the  original  embryo, no longer holds,  since  Driesch,  Wilson 
and Morgan have demonstrated the remarkable regenerative power of 
the  very young embryo after  injury  (Roux's  post-generation).  We 
know now that in many animals,  after fertilization  and segmentation, 
a whole embryo may develop from each of two segmentation-cells iso- 
* English translation  by Alexander  Bruce,  London,  1896,  vol.  i,  p.  183. Lewellys F.  Barker  291 
lated by shaking.  Even in the eight-cell or sixteen-cell stage, small 
but  complete larvae may develop from a  single cell if it be  isolated 
from its fellows.  Of more than ordinary interest is the observation of 
Roux who noticed such isolated segmentation cells inside the bodies of 
young frog larvae and suggested that they might be of significance in 
the etiology of tumors.  The curious admixture of tissues, the marked 
excess  of  certain  elements  and  the  deficient  development  of  other 
parts in teratomata need not surprise us when we consider the extra- 
ordinary disturbances to which the developing tissues in many of these 
cases are exposed. 
No matter what view we take concerning the mechanisms of devel- 
opment  and  tissue-differentiation,  be  it  Roux's  modification  of  the 
evolutionary conception of Weissmann,  or the more  epigenetic doc- 
trine  of Itertwig,  or a  compromise between the two as suggested by 
Benda, there can be but little doubt that in the most complicated tera- 
toma,  where the  arrangement  of tissues  is  apparently  most  lawless, 
there is in reality no  condition present which dare be  considered as 
accidental.  The relations which exist are the result of the response 
of activities inherent in the included embryo (and possibly activities 
which in  the beginning were ~ntirely normal)  to  the extraordinary 
influences from the environment to which such an embryo is subjected, 
and of the consequent manifold alterations of correlations inside it. 
Concerning  the nature  of  the primary  causes which  can  lead  to 
such a  splitting in  one embryo, or to  the establishment of relations 
between t~vin-embryos which are destined to be disastrous to one and 
sometimes  (perhaps  only after  years have passed)  to  both  of them, 
we are as yet almost completely ignorant.  The experiments of New- 
port,  Panum,  Valentine,  Dareste,  Ger]ach,  Pfliiger,  Roux,  Born, 
Loeb, ttertwig, Ba]lantyne, :r~organ, E. B. Wilson and others have in 
the field of comparative teratology demonstrated the effects of alter- 
ations of temperature and position,  or of chemical relations  such  as 
modification of the oxygen supply,  or the introduction of toxic sub- 
stances, the influence of polyspermia, of pressure, shaking, and opera- 
tire  insult  upon  fertilized  eggs  and  upon  embryos in  very  young 
stages.  While we  dare not transfer directly the results of these ex- 
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which they have  afforded concerning the  possibilities of developing 
cells may, along with further experiments in the same field and careful 
studie~ of pathological human embryos, open up the way which will 
lead ultimately to the construction of a  satisfactory hypothesis con- 
coming the  nature  and mode of  origin of malformations and  tera- 
tomata in human beings. 
That  teratomata,  though undoubtedly of early  embryonic origin, 
may appear at almost any age in life; that  many show inside them 
tissues  far  removed from the  normal type,  sometimes one  form  of 
tissue predominating, sometimes another;  further,  that  the mode of 
their  growth  and  termination  varies  exceedingly;  and  ilnally,  that 
metastases  undoubtedly  occur  in  certain  instances--all  these  facts 
taken together lend support, it must be  granted, in  a  very  striking 
way to the doctrine of Cohnheim regarding the origin of tumors in 
general. 
DESCRIPTION  OF PLITES  XIX--XXII. 
PLATE XlX. 
Fig.  1.  Photograph  of the original tumor. 
Fig.  2.  Skin of the original tumor. 
PLATE iX. 
Fig.  3.  Part  of cyst-wall showing goblet cells.  Original tumor. 
Fig.  4.  A  tube lined with euboidal epithelium and surrounded by spindle- 
celled tissue  in which islands of  cartilage lie  scattered.  From  the  original 
tumor. 
Fig.  5.  Showing hair follicle from  the original tumor.  The first layer  of 
cells  lying on  the basement membrane  of the hair follicle  have their nuclei 
far removed from the base of the cells. 
Fig.  6.  Bed hair from the original tumor. 
Fig.  7.  A  typical  epithelial  tissue  resembling carcinomatous  infiltration. 
PLATE XXl. 
Fig.  8.  Embryonic  intestine  pro,tided  with  developing  villi  and  sur- 
rounded by smooth muscle.  Original tumor. 
Fig.  9.  Metaplasia of columnar epithelium into flat-celled epithelium with 
pearl formation.  Recurrent  growth. 
Fig.  10.  Pearl  formation  in recurrent  growth. 
PLATE XXII. 
Fig.  11.  Pigmented  polygonal  epithelium  resembling  that  of  the  retina. 
Original tumor, 
Fig.  12.  Section  showing  embryonic  nervous  tissues.  Recurrent  growth. 
Fig.  13.  Section  showing  embryonic  nervous  tissue  (glia)  (C.  n.  s.)  and 
cavity lined with ependymal epithelium and  choroid plexus  (P1.  ch.). 
The  drawings,  with  the  exception  of  Figs.  8  and  13,  were  made  by 
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